Introduction
The results presented in this paper were reported at the Seventeenth Annual Meeting pf the American Nuclear Society (June 1970).
to discrete levels was necessary for the calculations to reproduce the measure ments. Furthermore, it has been found that the neutron transport calculations of dose as a function of distance from the source are sensitive mainly to the neutron cross sections for the higher-energy neutrons.
Oxygen Cross Sections
For oxygen the cross sections at 14 MeV used in the calculations were as follows: a. . , = 1678 mbar, total a , = 880 mbar, a _ el = 798 mbar, oin.n') = 463 mbar, <r(n,p) = 50 mbar and o-(n,a) =285 mbar. As described in de tail in Ref. 4 , five inelastic levels were considered: a level at 6.10 MeV to ac count for the doublet at S.05 and 6.13 MeV; a level at 7.00 MeV to account for the doublet at 6.92 and 7.12 MeV; a level at 8.88 MeV; a level at 9.90 MeV to repre sent the triplet at 9.59, 9.85, and 10.36 MeV; and a level at 11.10 MeV to account lor the triplet at 10.95, 11.08, and 11.26 MeV. The cross section as signed to these five levels was 182 mbar distributed according to the ratio 0.593, 0.361, 0.045, 0.000, and 0.001, respec tively. The <n,n') cross section to the continuum accounts for 281 mbar. The tabulation of the oxygen cross sections between 1.6 and 14.5 MeV is given in Table 1 ; the distribution of the (n.n 1 ) cross sections assigned to the inelastic levels as a function of the neutron energy is given in Table 2 . For energies below 1.6 MeV, the neutron cross sections were c taken from the L.RL Neutron Library.
Comparisons between the calculations (carried out with the computer program SORS using the above cross sections) and the measurements of the integral noutron spectra for neutron energies above 1.6 MeV ana Delow 1 MeV are dis played in Figs. 1 and 2, respectively. Tables 1 and 2 . Fig. 3 . These two libraries were also used by Sauter and Robinson to calculate the neutron transport through liquid ntrogen, where the 14-MeV (d,t) source and neutron detector were both immersed in the nitro gen. These SORS calculations were com pared with the measurements carried out by GulfGeneralAtomic(GGA). 12, 13 The calculations carried out with Libraries A and B were normalized to the measure ments. Figure 4 , taken from Sauter and Robinson's report, compares the SORS predictions with the measurements at a distance of 195.8 cm (approximately 10 mfp) from the neutron source. The numbers in parentheses are the normalization factors. The shapes of the detector-output pulse height spectra obtained with these two calculations as a function of the sourcedetector distance are quite similar, parti cularly at the smaller distances. The need for normalization factors of the order of 50% or less at all distances is probably indicative of the source strength uncertain ties in the GGA measurements. particles, respect ivelv. particles, respectively. Table 5 shows the cross sections used in Library C between 1.6-and 14.6-MeV neutron energies, and Table 6 gives the probability distribution for the (n. Xj and x" stand for single-and double-charged particles. Table 6 . Probability distribution of the ra.n') as a function of energy (E Division). Table 8 shows the cross sections for ni trogen between 1.6-and 34.6-MeV neu trons that exist in the LRL library, and Table 6 gives the probability distribution for the (n,n') cross section among the inelastic levels in nitrogen as a function of neutron energy. A comparison of the SORS calculations with this library and library C is shown in Fig. 11 for the integral neutron spectrum above 1.6 MeV for 0.58, 1.06, and 3.0 mfp of liquid nitrogen. Although the statistical errors in the calculations are somewhat large, especially for the 3-mfp case, the pre dictions of SORS with the LRL library are systematically and significantly higher than the measurements and the predictions using Library C. This effect is attributed to the larger <n,n') cross sections that 1 fi exist in the public SORS Library.
Excited levels for nitrogen included in SORS Ejab
Finally, a similar comparison was carried out using the nitrogen cross sec-17 tions evaluated by P. G. Young.
Here, Tables 5 and 9, respectively. in Tables 5 and 10 , respectively. 
Conclusions
Comparisons of calculations with meas urements have shown that nitrogen Library C for neutron cross sections be tween 1.6 and 14.6 MeV is definitely pre ferred over Libraries A and B and should be used in future SORS calculations.
Furthermore, one can conclude that many features of neutron transport in nitrogen and in air from a 14-MeV neutron source are determined primarily by the magnitude of the neutron cross sections at energies around 14 MeV. This is especially true for the calculation of neu tron dose as a function of distance from the source. However, the neutron fluence as a function of neutron energy for a given distance is more sensitive to the value of the neutron cross sections at lower energies. Calculations of the fluences using Libraries A and B differ between 20 and S0% in liquid nitrogen, the differ ence being worse at larger distances from the source. For air the differences are on the order of 30% or less.
It has been shown here that all the available neutron libraries for N, such as Libraries A, B, and C, the ENDF/B library used by Straker in his calculations. and the latest evaluation of the ENDF/B library carried out by Young and Foster 17 at Los Alamos (LASL), give very sim ilar results when neutron transport in air is being calculated. However, it must be pointed out that the differences be tween these libraries could become im portant when one is interested in the cal culation of 7-ray transport in air. For example. Young and Foster's evaluation and Library A, which are very similar, have higher elastic cross sections than Libraries B or C; this will be reflected in a lower production of y rays. On the other hand, if the characteristics of 7-ray transport at distances are mainly decided by the features of the high-energy neutron cross sections, then the differences between the values for the absorption chan nels (n.p), (n,d), or (n,a) in the libraries also become important. Library C, with its large (n,**) cross section, will predict harder y rays (E Q = 6 MeV) than will Young-Foster's library, where the (n.p) cross section is high and the y rays are much softer. This discrepancy could be resolved by remeasuring the (n.p) and (n,ar) cross sections in N at higher energies.
